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Abstract: 	 Located	 in	 the	 Lower	 Rhine	 area	 two	 loess/palaeosol	 sections	were	 investigated	 focusing	 on	 the	 last	 Interglacial	 to	 Low-
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chronostratigraphical	 studies	 from	 the	 Lower	 Rhine	 area	
(e.g.	 Remy	 1960;	 Paas	 1968a,	 b;	 Brunnacker	 1967)	 were	












logical	 approaches.	 Geochemical	 weathering	 indices	 de-
rived	 from	 multi-element	 analyses	 have	 recently	 been	
applied	 as	 promising	 tool	 for	 the	 palaeoclimatical	 inter-
pretation	of	Pleistocene	as	well	as	Holocene	pedosedimen-
tary	records	 (e.g.	Liu,	1985,	1991;	Derbyshire	et	al.	1995;	
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Fig. 1: Map showing the location of study sites in the Lower Rhine Embayment.
Abb. 1: Lage der Untersuchungsgebiete in der Niederrheinischen Bucht.





area	 comparably	 few	 geochemical	 studies	 are	 available	
(Smykatz-Kloss	2003;	Smykatz-Kloss	et	al.	2004).
Loess	 deposits	 were	 among	 the	 first	 sediments	 be-
ing	 systematically	 dated	 with	 luminescence	 techniques	





data	obtained	 for	 loess	deposits	of	 the	Lower	Rhine	area	
are	 mainly	 based	 on	 thermoluminescence	 (TL)	 and	 in-
fra-red	 stimulated	 luminescence	 of	 feldspars	 (IRSL)	 and	
concentrate	 on	 a	 few	 type	 localities	 (Zöller	 et	 al.	 1988;	
Zöller	1989;	Janotta	1991;	Frechen	et	al.	1992;	Boenigk	
&	Frechen	1995).	Thus,	there	is	still	a	need	for	systematic	
dating	 of	 loess	 deposits	 applying	 different	 luminescence	
dating	approaches.






der	 investigation	 are	 related	 to	 archaeological	 finds	 cor-
relating	 to	 the	Middle	Palaeolithic,	 the	 results	 contribute	
to	a	better	understanding	of	site	formation	processes	(e.g.	
Uthmeier	2006).
2  Regional setting and investigated loess sections
2.1  The loess/palaeosol sequence of the Elsbach valley  
 (Garzweiler)
	
The	 investigated	 section	 of	 the	 Elsbach	 valley	 (archaeo-
logical	documentation	number	FR	2006/0086,	 feature	5)	 is	
situated	 in	 the	north-eastern	 Jülicher	Börde,	 close	 to	 the	
brown	 coal	 opencast	 mining	 area	 Garzweiler	 (Fig.	 1,	 2).	
In	this	area	the	 loess	covered	Upper	Terrace	of	 the	River	
Rhine	is	dissected	by	numerous	dry	valleys.	The	section	is	
located	 on	 the	middle	 slope	 of	 the	 Elsbach	 valley	 facing	
to	 the	south.	The	importance	of	 (palaeo-)	depressions	 for	
the	conservation	of	stretched	stratigraphical	records	in	this	
area	is	well	known	and	loess/palaeosol	sequences	from	the	
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Fig. 2: Position of the loess/palaeosol record in the Elsbach valley (Garzweiler). The map shows the former morphology (prior to further mining) based on 
the digital elevation model (Data source: Geobasisdaten, Landesvermessungsamt NRW (2008), DEM 5, courtesy of the Rhineland Regional Council, LVR).
Abb. 2: Lage des Lössprofils im Elsbachtal. Die Karte zeigt die morphologische Situation (vor dem mittlerweile fortgeschrittenen Abbau) auf Basis des DGM 
5 (Datenquelle: Geobasisdaten, Landesvermessungsamt NRW 2008, mit Genehmigung des LVR).
Garzweiler	 area	 are	 discussed	 in	 numerous	 publications	






















terised	by	 tongue-like	 soil	material	 imbedded	within	cal-
careous	loess	sediments.
2.2  The loess/palaeosol record of Inden-Altdorf
The	site	of	 Inden-Altdorf	 is	 situated	 in	 the	 south-eastern	
part	of	the	Aldenhovener	Platte,	which	is	part	of	the	south-
ern	loess	landscape	of	the	Jülicher	Börde.	Here,	the	loess-
belt,	continuing	westwards	 to	 the	Zülpicher	Börde,	 is	 in-
terrupted	by	the	River	 Inde,	a	 tributary	to	 the	River	Rur,	
both	having	 their	 sources	 in	 the	Rhenish	Massif	 (Fig.	 1).	






































































Fig. 3: Litho- and pedological composition of the loess/palaeosol record of Garzweiler/Elsbach valley (FR 2006/0086, feature 5; Position (German Grid) R: 
2534381, H: 5660889, 75 m a.s.l.).
Abb. 3: Litho- und pedologischer Aufbau der Loess-Paläoboden-Sequenz aus Garzweiler/Elsbachtal (FR 2006/0086, Stelle 5; Lage (Gauß-Grüger Koordina-
ten) R: 2534381, H: 5660889, 75 m ü. NN).
channels	(Kels	2007;	Paas	1968a,	b).	These	palaeochannels	
are	often	connected	 to	 tectonic	 subsidence	and	represent	
positions	of	major	relevance	for	conservation	of	older	loess	








conducted	 during	 an	 archaeological	 excavation	 (WW	
2005/91)	in	the	forefront	of	the	brown	coal	mining	area	In-
den	(Fig.	4,	5).	The	archaeological	finds	were	dated	to	the	
Middle	Palaeolithic	 (Thissen	2006,	 2007;	Kels	 et	 al.	 2009;	
Pawlik	&	Thissen	2011).
Attuned	to	the	River	Inde	in	its	function	as	local	erosional	
base	numerous	dry	valleys	exist	dissecting	 the	 loess	 land-
scape.	These	dry	valleys	formed	under	periglacial	conditions	

























mented.	The	 hanging	 layer	 is	 characterised	 by	 reworked	






a	 light	 brown	 soil	 sediment.	This	 reworked	 soil	material	
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Fig. 4: Position of the loess/palaeosol record of Inden-Altdorf. Map showing the morphology (prior to further 
mining) based on the digital elevation model (Data source: Geobasisdaten, Landesvermessungsamt NRW (2008), 
DEM 5, courtesy of the Rhineland Regional Council, LVR).
Abb. 4: Lage des Lössprofils aus Inden-Altdorf. Die Karte zeigt die morphologische Situation (vor dem mittler-
weile fortgeschrittenen Abbau) auf Basis des DGM 5 (Datenquelle: Geobasisdaten, Landesvermessungsamt NRW 
2008, mit Genehmigung des LVR).












2002,	2010)	 for	 the	Lower	Rhine	area	as	well	as	 for	other	
loess	 regions	 from	 Germany	 (e.g.	 Frechen,	 Boenigk	 &	
Weidenfeller	1995;	Frechen,	Terhorst	&	Rähle	2007).
3  Methods




Altdorf	 sequence	 (cp.	 Figs.	 3,	 5).	The	 grain	 size	 distribu-
tion	of	the	Inden-Altdorf	sequence	was	determined	using	





























































































Fig. 5: Litho- and pedological composition of the loess-palaeosol record of Inden-Altdorf (WW 2005/91, feature 125; Position (German Grid) R: 2525252, 
H: 5637614, 107 m a.s.l.).
Abb. 5: Litho- und pedologischer Aufbau der Löss-Paläoboden Sequenz aus Inden-Altdorf (WW 2005/91, Stelle 125, Lage (Gauß-Krüger Koordinaten) 
R: 2525252; H: 5637614; 107 m ü. NN).




more	humid	periods,	 in	contrast	 to	cold	 (periglacial)	arid	
periods	with	 loess	accumulation.	 In	order	 to	characterise	
palaeosols	 in	 loess	 sections	 ratios	 of	 soluble	 cations	 (e.g.	
Na,	K,	Rb,	Mg,	Sr)	to	relatively	insoluble	hydrolysates	(e.g.	
Al2O3,	TiO2)	can	be	determined,	 in	which	 the	weathering	




or	 soil	 particles	 increases	 (Smykatz-Kloss	 et	 al.	 2004).	
Thus,	large	cations	like	K	and	Rb	are	increasingly	adsorbed	
whereas	for	example	Na	and	Mg	are	preferentially	leached.	
Due	 to	 intensive	weathering	 and	 soil	 formation	process-
es	in	the	more	humid	climate	of	Western	Central	Europe	
as	 displayed	 in	 the	 sections	 under	 study	 ratios	 based	 on	
volatile	 elements	 such	 as	Na	 and	Mg	 are	 not	 as	 suitable	























The	 elements	 were	 measured	 using	 a	 portable	 X-ray	
fluorescence	(XRF)	device	(Niton	Xlt	700	Series).	The	bulk	
sediment	samples	were	reduced	to	the	fraction	<	63	µm	and	
prepared	 for	 the	 analytical	 cuvette.	 Measurements	 were	
obtained	in	the	pre-calibrated	bulk	mode	(38	KeV,	10	W).
3.2  Luminescence dating
Luminescence	dating	was	 carried	out	 at	 the	 luminescence	
dating	laboratory	of	the	Institute	for	Geography,	University	
of	Cologne.	Here,	luminescence	ages	of	nine	sediment	sam-
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Tab. 1: Dose rate data for the quartz fraction calculated assuming average water contents of 14 ± 5 weight-%. Radionuclide concentrations of sample set 
FR were determined by neutron activation analysis (NAA, Becquerel Laboratories, Canada), whereas for sample set WW low-level gamma-spectrometry 
was carried out (VKTA Rossendorf, Germany). The dose rates include the cosmic dose contribution which was calculated according to the present sampling 
depth (Prescott & Hutton, 1994). All values are shown with their 1 sigma-error.
Tab. 1: Dosisleistungswerte berechnet für die Quarz-Fraktion unter Berücksichtigung eines  mittleren Wassergehaltes von 14 ± 5 Gew.-%. Radionuklid-
Konzentrationen des Probensatzes „FR“ wurden mittels Neutronen-Aktivierungs-Analyse (NAA, Becquerel Laboratories, Canada) bestimmt, die des 
Probensatzes „WW“ mittels hochauflösender Gamma-Spektroskopie (VKTA Rossendorf). In der Dosisleistung ist der Anteil der kosmischen Dosisleistung 
berücksichtigt, der entsprechend der Beprobungstiefe berechnet wurde (Prescott & Hutton 1994).
Tab. 2: Luminescence ages obtained for the fine sand quartz fraction using different single-aliquot regeneration dose 
protocols. The ages which are considered to be the most reliable are highlighted. 1 The number of aliquots measured 
and used to calculate the average equivalent dose. 2 RSD= relative standard deviation of the De-data set. 3 Overdisper-
sion of the De data set. 4 Depending on the dispersion of the individual De-estimates the mean value of the equivalent 
doses is based on either the common or central age model (Galbraith et al. 1999). COM= common age model, CAM 
= central age model. 5 All measurements were carried out on automated Risø TL/OSL readers (type TL-DA-12, -15, or 
-20, Bøtter-Jensen et al. 2003) using small aliquots (~300 grains per aliquot) and the following settings: Quartz, OSL: 
detection U340 filter (7.5 mm thickness), pre-heat 10 s @ 240°C, cut-heat 160°C TL, 50 s @ 125°C blue stimulation, hot-
bleach after test dose OSL: 40 s @280°C, Quartz, ITL: detection U340 filter (7.5 mm thickness), 500 s @ 310°C (hold 10 s 
@ 310°C before meas.). The De-errors include a 5 % uncertainty for the beta source calibration.
Tab. 2: Ergebnisse der Lumineszenz-Datierungen für die Feinsand-Quarz-Fraktion auf Basis unterschiedlicher Single-
Aliquot-Regenerierungs-Protokolle. Wahrscheinlichste Alter sind hervorgehoben. 1 Anzahl der gemessenen und zur 
Bestimmung der mittleren Äquivalenzdosis (De) herangezogenen Teilproben. 2 RSD= relative Standardabweichung des 
De-Datensatzes. 3 Ausmaß der Streuung des De-Datensatzes. 4 Mittelwerte der Äquivalenzdosis basieren in Abhän-
gigkeit von der Streuung der Einzelwerte entweder auf dem “common” oder “central age model“ (Galbraith et al. 
1999). COM= common age model, CAM = central age model. 5 Alle Messungen wurden auf automatisierten Risø TL/
OSL Messgeräten (type TL-DA-12, -15, oder -20, Bøtter-Jensen et al. 2003) unter Verwendung kleiner Teilproben (~300 
Körner pro Teilprobe) und folgender Messkonfiguration durchgeführt: Quarz, OSL: Detektion U340 Filter (7,5 mm), 
Vorheizen 10 s @ 240°C, 160°C TL, 50 s @ 125°C blaue Stimulation, thermo-optisches Bleichen nach Test-Dosis OSL: 40 s 
@280°C, Quarz, ITL: Detektion U340 Filter (7,5 mm), 500 s @ 310°C (vor der Messung Probe 10 s @ 310°C gehalten). Die 
De-Fehler beinhalten eine 5%ige Unsicherheit hinsichtlich der Beta-Quellen Kalibration.
Lab.-code Sample Depth (m) Dose rate (Gy/ka) U (ppm) Th (ppm) K (%) 
C-L2019 FR 1 5.33 2.62 ± 0.19 2.19 ± 0.15 10.53 ± 0.34 1.65 ± 0.05 
C-L2020 FR 2 5.07 2.67 ± 0.20 3.23 ± 0.19 9.61 ± 0.31 1.47 ± 0.05 
C-L2022 FR 4 4.45 2.56 ± 0.19 2.59 ± 0.15 9.99 ± 0.32 1.47 ± 0.05 
C-L2024 FR 6 3.83 2.57 ± 0.19 3.06 ± 0.17 9.37 ± 0.30 1.45 ± 0.05 
C-L2028 FR 10 2.60 2.36 ± 0.18 2.47 ± 0.15 8.38 ± 0.27 1.41 ± 0.05 
C-L2029 WW 1 6.37 2.62 ± 0.20 3.22 ± 0.13 11.00 ± 0.40 1.40 ± 0.07 
C-L2030 WW 2 6.16 2.32 ± 0.17 2.96 ± 0.12 10.30 ± 0.30 1.16 ± 0.04 
C-L2033 WW 5 5.66 2.55 ± 0.19 3.24 ± 0.13 10.40 ± 0.40 1.35 ± 0.05 
C-L2035 WW 7 5.00 2.60 ± 0.19 2.82 ± 0.11 10.40 ± 0.40 1.50 ± 0.05 
 
Lab.-code Sample n1 RSD (%)2 OD (%)3 Age model4 De (Gy)5 OSL-age (ka) ITL-age (ka) 
C-L2019 FR 1 16 13.5 11.5 CAM 339 ± 21 --- 130 ± 12 
C-L2020 FR 2 17 10 --- COM 315 ± 18 --- 118 ± 11 
C-L2022 FR 4 18 13.5 --- COM 223 ± 13 --- 87.1 ± 8.3 
C-L2024 FR 6 
17 13.7 10.8 CAM 203 ± 12 --- 79.0 ± 7.4 
24 15.4 14.3 CAM 79.5 ± 4.8 30.9 ± 2.9 --- 
C-L2028 FR 10 24 21.5 17.2 CAM 59.9 ± 3.8 25.4 ± 2.5 --- 
C-L2029 WW 1 20 21.1 15.9 CAM 314 ± 20 --- 120 ± 12 
C-L2030 WW 2 11 23.3 18.0 CAM 231 ± 19 ---   99.4 ± 11.0 
C-L2033 WW 5 20 18.7 15.3 CAM 191 ± 12 --- 74.9 ± 7.3 





All	 luminescence	measurements	were	 carried	 out	 on	 au-
tomated	Risø	TL/OSL	readers	(types	TL-DA-12,	-15,	or	20)	
and	 followed	 single-aliquot	 regenerative-dose	 protocols	
(SAR).	 Per	 sample	 several	 sub-samples,	 or	 aliquots,	were	
measured	 to	obtain	 estimates	of	 the	 amount	of	 radiation	
dose	 accumulated	within	 the	 crystal	 lattice	 of	 a	mineral	
grain	since	it	was	shielded	from	sunlight	(equivalent	dose,	
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Fig. 6: Dose-response curve of sample FR2. At high doses the signal ap-
proaches a saturation level. The quartz OSL signal saturates at much lower 
doses than the ITL signal of the same sample (a.u. = arbitrary unit).
Abb. 6: Wachstumskurve der Probe FR2. Bei hohen Dosen zeigt sich eine 
Signalsättigung. Das Quarz-OSL-Signal erreicht dieses Sättigungsniveau 
deutlich früher als das ITL-Signal derselben Probe (a.u. = beliebige Einheit).
All	 samples	were	 prepared	under	 subdued	 red	 light.	The	




was	 carried	 out	 using	 solutions	 of	 sodium	polytungstate	
and	HF	 etching	 to	 obtain	 a	 purified	 quartz	 fraction.	 For	




For	samples	FR	2,	6	and	10,	 the	De	of	 the	quartz	 frac-
tion	was	determined	using	a	‘conventional’	SAR	protocol	
as	described	 in	Murray	&	Wintle	 (2000)	and	Wintle	&	
Murray	(2006).	However,	as	 illustrated	 in	Fig.	6	 for	sam-
Fig. 7: Sub-samples of sample WW 7 were bleached either with sunlight or a 
solar simulator for 2 and 48 h, respectively. After bleaching the residual ITL 
signal was measured and is plotted here in % of the equivalent dose value. 
For the 2 h-sunlight bleaching two aliquots yielded the same results.
Abb. 7: Teilproben der Probe WW 7 wurden sowohl mittels Sonnenlicht als 
auch im Solar-Simulator für 2 bzw. 48 h gebleicht. Nach der Bleichung 
wurde das Restsignal der ITL bestimmt und hier als prozentualer Anteil 
gegen die Äquivalenzdosis aufgetragen. Die 2-stündige Bleichung unter 




recommendations	 of	 Buylaert	 et	 al.	 (2008)	who	 suggest	
application	of	the	SAR-OSL	procedure	only	for	sand-sized	
quartz	samples	extracted	from	loess	(in	that	case	from	the	
Chinese	 loess	 plateau)	 with	 burial	 doses	 below	 120–150	
Gy.	In	our	study	the	signal	saturation	limits	the	practical	
age	range	for	SAR-OSL	to	approximately	45–60	ka.	As	the	


































plied	 ITL-protocol.	However,	 a	 certain	 overestimation	 of	
our	ITL	ages	cannot	be	ruled	out.	
4  Results
The	 element	 concentrations	 and	 calculated	 ratios	 deter-
mined	for	the	section	of	the	Elsbach	valley	(Figs.	8,	9)	offer	








The	 second	 unit	 comprises	 the	 stagnic	 AhE	 horizon,	
the	bleached	stagnic	horizon	and	the	weak	humic	Bt	hori-
zon,	characterised	by	significantly	increasing	values	of	the	
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Fig. 9: Selected element ratios in the loess/palaeosol record of Garzweiler/Elsbach valley showing different soil formation processes including weathering 
degrees. Lithological/Pedological legend according to Figure 3. Units I-III are described in the text.
Abb. 9: Ausgewählte Elementverhältnisse aus der Löss/Paläoboden-Sequenz von Garzweiler/Elsbachtal, an denen sich bodenbildende Prozesse und Verwit-
terungsintensitäten ableiten lassen. Lithologisch-pedologische Legende gemäß der Darstellung in Abbildung 3. Die Einheiten I-III werden im Text erläutert.
Ti/Ca	ratio	and	a	maximum	peak	within	the	stagnic	AhE	













yielded	an	 ITL-age	of	 87.1	±	8.3	ka	 (unit	 I,	 sample	FR	4).	
Sample	 FR	 6	 out	 of	 the	 reworked	 loess	 and	 soil	material	
provided	an	OSL-age	of	30.9	±	2.9	ka.	 In	 this	 sample,	 the	
ITL-age	 (79.0	±	7.4)	 clearly	overestimates	 the	quartz	OSL	
age	(Tab.	2).	Most	 likely,	 this	can	be	explained	by	the	re-
worked	 nature	 of	 the	 sediment.	The	 short	 transport	 dis-
































The	third	unit	comprises	 the	 lower	part	of	 the	Ah	ho-
rizon,	the	reworked	layer	and	the	underlying	stagnic	AhE	






Fig. 10: Element concentrations determined for the loess/palaeosol record of Inden-Altdorf. Each sample was measured twice and mean values were calcu-
lated. Lithological/Pedological legend according to Figure 5.
Abb. 10: Elementgehalte der Löss-Paläoboden-Sequenz von Inden-Altdorf. Alle Proben wurden zweifach gemessen und Mittelwerte gebildet. Lithologisch-
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Within	the	fourth	unit,	containing	the	weak	Bt,	the	humic	
Bt	 horizon,	 the	 bleached	 stagnic	 horizon	 and	 the	 upper-








Fig. 11: Selected element ratios in the loess/palaeosol record of Inden-Altdorf showing different soil formation processes including weathering degrees. 
Lithological/pedological legend according to Figure 5. Units I-V are described in the text.
Abb. 11: Ausgewählte Elementverhältnisse aus der Löss/Paläoboden-Sequenz von Inden-Altdorf, an denen sich bodenbildende Prozesse und Verwitter-





























which	presumably	correlates	with	 the	 last	 interglacial,	 is	
overlain	by	further	weak	Bt	horizons	of	truncated	Luvisols,	
stagnic	 and	humic	horizons,	most	 likely	 correlating	with	
the	Lower	Weichselian.
The	age	estimations	obtained	in	the	present	study	provide	
a	 chronostratigraphical	 frame	 for	 the	 period	 mentioned	













The	 element	 ratios	 obtained	 for	 the	 lower	 unit	 of	 the	
Elsbach	 valley	 record	 show	 Bt	 features	 superimposed	 by	
secondary	 clay	 illuviation,	which	was	 also	noticed	 in	 the	
field	in	terms	of	clay	coatings.	It	could	be	hypothesised	that	
Fig. 12: Grain size distribution of the loess/
palaeosol record of Inden-Altdorf. Litho-
logical/pedological legend according to 
Figure 5. (T: clay, fU: fine silt, mU: medium 
silt, gU: coarse silt, fS: fine sand, mS: me-
dium sand, gS: coarse sand, according to 
AG Boden, 2005)
Abb. 12: Korngrößenverteilung in der Löss/
Paläoboden-Sequenz von Inden-Altdorf. 
Lithologisch-pedologische Legende gemäß 
der Darstellung in Abbildung 5. (Korn-
größenklassen gemäß AG Boden 2005)



















ITL	 data	 indicate	 an	 input	 of	 allochthonous	 (pre-weath-
























rizon	 is	 available,	 allowing	 a	 correlation	with	 the	Lower	






























known	 type	 locality	 Rocourt	 in	 the	 northwest	 of	 Liège	
(Belgium)	by	Gullentops	(1954).
However,	focusing	on	the	Eemian	to	Early	Weichselian	
period,	 only	 few	 luminescence	 data	 are	 available	 for	 the	
Lower	 Rhine	 area.	The	 published	 luminescence	 ages	 are	
mainly	 based	 on	 IRSL-dating	 of	 feldspars	 or	 on	 thermo-
luminescence	(TL),	measured	with	multiple	aliquot	proto-







(e.g.	 2002),	which	 is	 also	 defined	 as	Niedereschbach	Zone	
in	the	Rhine-Main	area	(Semmel	1968).	In	the	record	of	the	
Elsbach	valley	 the	uppermost	unconformity	on	 top	of	 the	
reworked	 soil	 sediments	 of	 the	Middle	Weichselian	most	
likely	 corresponds	 with	 the	 so	 called	 Eben-unconformity	
with	the	Eben	Zone	sensu	Schirmer	(e.g.	2003)	on	top.	Com-
parable	distinct	erosional	phases	dating	to	the	early	Upper	
Weichselian	 are	 described	 for	 example	 by	 Semmel	 (1989)	
and	Meyer	&	Rohdenburg	 (1982).	A	 detailed	 correlation	
of	the	lower	part	of	the	sequences	remains	uncertain.	The	














complex	 in	 flat	 relief	 positions	 whereas	 soil	 divergence	






remnants	 of	 the	 pedocomplex	 behind.	Within	 these	 cold	
periods	dust	accumulation	occurred	resulting	in	a	separa-
tion	of	the	fossil	soils	by	thin	loess	sediments.	It	is	assumed	
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that	 small	depressions	as	well	 as	 foot	 slope	positions	 re-
main	more	protected	from	erosion	than	other	geomorpho-
logical	positions	(Schirmer	2010:	34).	The	results	presented	










soil	 sediments	 as	 indicated	 by	 discordant	 bedding.	 Espe-








geomorphological/pedological	 analysis	 of	 comparable	 se-
quences	 for	 a	 sound	chronostratigraphical	 and	palaeocli-





selian	 is	 a	 complex	 task	not	 only	 leading	 to	problems	 in	
chronostratigraphical	correlation	of	archaeological	records	








not	 argue	 against	 the	 observed	 litho-	 and	 pedostratigra-
phy.	 However,	 possible	 sensitivity	 changes	 not	 detected	





















the	 Lower	Rhine	 area	multiple	 sediment	 deposition	 and/
or	relocation	events	are	documented,	delivering	the	parent	
material	for	polygenetic	soil	formation.
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